that standard are removed in order to produce a clean spectrum and then during the last step the cleaned spectrum is calibrated. The Dot-product algorithm, during the second stage, uses the cleaned and calibrated spectra of the standards for both target and suspect analysis. We performed the target analysis of 48 standards in all 3 samples via conventional methods, in order to validate the two stage algorithm. The two stage algorithm was demonstrated to be more robust, reliable, and less sensitive to the signal-to-noise ratio (S/N), when compared to the conventional method. The Dot-product algorithm showed lower potential in producing false positives compared to the conventional methods, when dealing with complex samples. We also evaluated the effect of the mass accuracy on the performances of Dot-product algorithm. Our results indicated the crucial importance of HR-MS data and the mass accuracy for confident suspect analysis in complex samples.
A two stage algorithm for target and suspect analysis of produced water via gas chromatography coupled with high resolution time of flight mass spectrometry 
Abstract
Gas chromatography coupled with high resolution time of flight mass spectrometry (GC-HR-TOFMS) has gained popularity for the target and suspect analysis of complex samples. However, confident detection of target/suspect analytes in complex samples, such as produced water, remains a challenging task. Here we report on the development and validation of a two stage algorithm for the confident target and suspect analysis of produced water extracts. We performed both target and suspect analysis for 48 standards, which were a mixture of 28 aliphatic hydrocarbons and 20 alkylated phenols, in 3 produced water extracts. The two stage algorithm produces a chemical standard database of spectra, in the first stage, which is used for target and suspect analysis during the second stage. The first stage is carried out through five steps via an algorithm here referred to as unique ion extractor (UIE). During the first step the m/z values in the spectrum of a standard that do not belong to particularly during suspect and non-target analysis [6, 7] . is present in the sample a higher level of similarity score is observed [21] . A large An aliquot of the total extract was fractioned into polar and non-polar portions.
88
For this fractionation, we dissolved 1 mL of the total extract into 1 L of water at 89 pH 11, which was carried out by shaking the solution for 24 h at 150 rpm. This 90 solution was extracted using liquid-liquid extraction with 60 mL of dichloromethane
91
for three consecutive times. The final extract was dried on a bed of sodium sulphate.
92
The volume of the final extract was reduced to 1 mL of dichloromethane employing was considered the non-polar fraction of the total extract.
98
All the extracts were stored immediately at -20
• C until analysis. 
GC-HR-TOFMS analysis
We analyzed mixtures of standards at three concentration levels (2, 10, and 20 101 ng/mL), the total extract (i.e. the total extract of produced water received from 102 SINTEF), and the polar and non-polar fractions of the total extract with a GC-HR- TargetLynx if we observed a positive match between the retention times ± 5 s and 119 the exact mass ± 10 mDa of the standard and the target peak in the sample. Both 120 the retention window and the exact mass window were selected based on the observed 121 variabilities in our dataset for these parameters. The minimum S/N required for a 122 positive detection was set to 10.
124
The S/N calculations were performed via MassLynx. The signal was defined as 125 the 50% of the peak hight whereas the noise was defined as the root mean square 126 error of the 10 scans in one side of the peak. for each peak (i.e. peak apex, starting point, and the end point of the peak).
164
2. The spectral averaging step is an optional step, which follows the peak detection were able to find the best conditions. The 3 scans averaging window enabled us 170 to avoid the MS signal, which belongs to the background signal independently 171 from the peak intensity. Throughout this article we refer to the apex averaged 172 spectra as the "apex spectra". Figure 1 : Conceptual schematics of the steps in the UIE algorithm with synthetic data. In this figure: x, x 1 , and x 2 depict the the scan number of the peak apex, peak start, and peak end; s i , s i−1 , s i+1 , and s apex represent the spectra for the scan numbers i, i − 1, i + 1, and the average spectra of the three scans; s b1 and s b2 illustrate the average spectra of noise before and after the peak, whereas s bc shows the background corrected spectra; m/z i depicts an m/z value with a nonzero intensity, XIC i and TIC illustrate the extracted ion chromatogram for the m/z i and total ion chromatogram; and finally s f is the clean spectra. 
Results and discussions

223
We processed the MS spectra of all 48 standards with the UIE algorithm. A 
Unique Ion Extractor (UIE)
235
The UIE algorithm is a fully automized approach for the extraction of the unique details regarding unique ion selection process). We also processed the spectra of the 261 same peak (i.e. octadecane) without spectral subtraction. We observed 100% agree-262 ment between the final spectra of octadecane processed with and without spectral 263 subtraction. We observed an increase in the time necessary for the UIE algorithm 264 for processing the spectra of octadecane when the spectral subtraction was skipped.
265
The observed increase in the analysis time was caused by the step 4 of the UIE, due The UIE algorithm showed high levels of robustness with respect to the variation 275 in the S/N ratio. We evaluated the effect of the S/N ratio on the performances of the 276 UIE algorithm by decreasing the concentration of the standard mixture, roughly, to 277 the instrument limit of detection (i.e 2 ng/mL). The S/N for the analyzed standards 278 varied from 32 for undecane at 2 ng/mL to 2640 for heneicosane at 20 ng/mL, Table   279 S1. The algorithm was able to produce the clean spectra for all 48 standards at all Eq. 1.
where SIM i,j represents the similarity matrix, m represents an m/z value in both the 296 sample spectra (i.e. S sample ) and the standard spectra (i.e. the clean and calibrated 297 spectra produced via UIE, S f ), i is the index for the number of spectra recored in between the sample spectra and the standard spectra produces a similarity value 306 of 1 whereas a perfect orthogonality between the two spectra produces a similarity 307 value of 0. In addition to the similarity matrix, we increased the confidence level For both the total extract and non-polar fraction of produced water, we success-322 fully detected 37 out of 48 target analytes whereas for the polar fraction, we detected 323 35 out 48 target analytes, using the Dot-product algorithm ( reported as non detected in the same sample by TargetLynx (Table S2) . Within the 329 retention window of undecane, we observed a clear peak in the similarity matrix. We have detected this target analyte in the polar fraction of produced water (Table S2) .
340
In the retention window of 4-n-penthylphenol we did not observe a clear peak in the 341 similarity matrix (Figure 4 ). However, a small peak appeared in the XIC of the exact 342 mass near the absolute retention time of 4-n-penthylphenol. Also we only observed The Dot-product algorithm was able to detect and confidently confirm the pres- 
Suspect analysis of produced water extracts
364
For the suspect analysis, we used the same 3 produced water extract chro- interval. We divided the 48 standards in target analytes, which were a random pool 
Evaluation of the odds of false positive detections
We examined the odds of false positive results for both the Dot-product algo- 
Conclusions
498
Suspect and target screening of volatile and semi volatile organic compound in 499 complex samples is challenging task. Here we report on the development and valida-500 tion of a two stage method which enables the confident target and suspect analysis.
501
A chemical spectra database was created by processing the raw spectra of the stan-502 dards using UIE. The database of the clean spectra was used for both target and The UIE algorithm showed to be able to extract the unique ions of a chromato- parameters. This method demonstrated to be a fast, reliable, and robust algorithm 517 for creation of personal databases of HR spectra.
519
The Dot-product algorithm can be used for both target and suspect analysis 520 of complex samples. The comparison between the Dot-product algorithm and the 521 conventional method (via TargetLynx) indicated that the Dot-product algorithm has 522 lower probability of false positives. However, particular care should be taken in selec-523 tion of the algorithm parameters, e.g. the retention window and the mass accuracy.
524
The Dot-product algorithm enabled the detection of a target/suspect analyte in a 525 complex sample with confidence levels of 1 for target analysis and 2 for suspect anal- We also evaluated the effect of the mass accuracy on the performances of the 545 Dot-product algorithm. We observed a clear improvement in the performances of 546 Dot-product algorithm with respect to the mass accuracy. The Dot-product algo- In overall, the two stage algorithm demonstrated to be a fast and robust method 556 for confident target and suspect analysis of complex samples via GC-HR-TOFMS.
557
The evaluation of the two stage algorithm for LC-MS data will be the subject of 558 future studies. 
